Nociceptin knockdown does not affect the neural crest marker Pax7 (a-b'), the anterior neural plate and placode marker Otx2 (d-d') or the general PP markers Six1 (e-f') and Eya2 (g-h'). shows the same embryo as in a after visualization of MO (brown). c.
C. Noc knock-down leads to loss of
mesendoderm was ablated unilaterally and replaced with a Noc-coated bead.
Pax6 is absent on the ablated side.
Supplementary Experimental Procedures
Microarrays aPP and pPP explants were isolated as described above; cells were lysed immediately or after 5 hours culture. Using 5ng of total RNA, labeled cell extracts were prepared and hybridized to Affymetrix Chick GeneChips (Chambers and Lumsden, 2008) . Probe level values were derived from the raw data using the MAS5 algorithm (version 1.2; Affymetrix). Data were analyzed using the GeneSpring package (version 7.3.1; Agilent Technologies, Wokingham, Berkshire, UK). The suitability of the data sets for further analysis and the relationship between and within the biological replicates was determined using principle components analysis (PCA) and hierarchical clustering. Differential expression between the conditions under investigation was determined by a step-wise process: samples were first normalized to the 50 th percentile across the whole expression dataset and then each gene was normalized to the median of its own expression across each cell type. Prior to statistical analysis, genes classed as being not expressed (absent in biological replicates) or not varying their expression above a twofold level in any of the cell types were removed from the analysis. From the remaining set genes, those whose expression levels differ significantly between each cell type was determined by one-way analysis of variance (ANOVA; p = 0.05).
These genes were functionally classified using Gene Ontology (GO) criteria and were clustered into potentially Pax6 co-regulated groups using both SelfOrganising Maps (SOMs) and Quality Threshold (QT [Pearson Correlation])
approaches. Data were deposited in Gene Expression Omnibus (GSE48116).
Analysis of DNA sequences
The nociceptin chick peptide was aligned using the multiple sequence alignment program ClustalW2 (http://www.ebi.ac.uk/Tools/msa/clustalw2/)
with the respective proteins of other vertebrate organisms taken from Ensembl (http://www.ensembl.org/index.html). The program automatically generates a cladogram from the sequence alignment of the whole peptide.
Embryological manipulations
Fertilized hens' eggs from Winter Farms (UK), were incubated at 38ºC in a humid incubator until they reached the appropriate stages (Hamburger and Hamilton, 1951) . Embryos were cultured in New culture (Stern and Ireland, 1981) 
Morpholino electroporation
Knock down experiments were performed using morpholinos (Gene tools, LLC (5'GATCCATAACTCTTATTCCCCAGTT3'). For Nociceptin two MOs were used: one splice morpholino targeting the Exon2-intron3 junction and causing exon 2 deletion (5'CCGGCCATGTCGTACTCACTGGAGC3'); and one translation blocking MO (5'CAGAGCACGGCCCTCATGGTGACAA3'). MOs (1.6mM in 6% sucrose, 0.1% fast green; 0.2µg/µl pCAB DNA vector as carrier) were electroporated as described (Voiculescu et al., 2008) and embryos cultured until they had reached the desired stage.
Explant culture
pPP explants were obtained from HH5 + -6 embryos and cultured as described (Bailey et al., 2006) . Collagen gels and culture media were supplemented as (R&D) 50µg/ml; SU5402 (Tocris) 10 µM. Experiments were repeated on at least three independent occasions; student t-test was performed to determine significant differences. For co-culture with posterior head mesoderm, pPP and mesoderm were dissected separately and re-combined before culture.
Whole mount in situ hybridization and sectioning
Chick embryos and explants were processed for in situ hybridization (Streit et al., 1998) using DIG-labelled antisense probes for Pax6 (Li et al., 1994) ,
, Eya2 (Mishima and Tomarev, 1998) et al., 1995) , Ganf (Knoetgen et al., 1999) and (Bailey et al., 2006) .
Zebrafish embryos were probed with Pax6b, pnocb, Pitx3, Rx3, Emx1 and Six3 antisense mRNA (Macdonald et al., 1994; Wilson et al., 1990) . After incubation with anti-DIG antibodies (Roche), the colour was revealed using 4.5µl of nitroblue tetrazolium (50mg/ml) and 3.5µl 5-bromo-4-chloro-3-inolyl phosphate (50mg/ml) per 1.5ml of developing solution. For histological sections, chick embryos were embedded in paraffin and sectioned transversally at 15µm.
Immunocytochemistry
Immunocytochemistry in chick was performed after in situ hybridisation to reveal MO expressing cells using anti-FITC antibodies conjugated to peroxidise (anti-FITC-POD, sheep IgG; Roche; 1:500). For colour development embryos were incubated in 0.5mg/ml of 3, 3'-Diaminobenzidine 5'GACTTGTCACTGTTTCTGTTCAG3'. Relative expression levels were calculated using the Δ ΔC t -method (Pfaffl, 2007) . Experiments were performed in triplicates; t-test was performed to determine significance.
NanoString nCounter
For each experimental condition, 8-10 pPP explants were harvested and lysed in lysis buffer (Ambion). Total RNA from lysates was hybridized overnight at 65° with capture and reporter probes according to the nCounter Gene Expression Assay Manual. Following washing, target/probe complexes were eluted and immobilized for data collection in the nCounter Digital
Analyser. Each experiment was repeated three times on independent occasions. Mean value +/-standard deviation for Pax6 and Noc was extracted from the data normalised data; t-test was used to determine significant differences.
Embryos were electroporated with control or Noc splice-blocking morpholinos at HH4 -; at HH6 aPPs were dissected from the electroporated and nonelelctroporated side of each embryo. Tissue from individual embryos was lysed in lysis buffer and processed for NanoString nCounter.
